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In  response  to  a  potent  Inflammatory  challenge, 
such  as  Gram-negative  endotoxin,  a  number  of  cy¬ 
tokines  are  induced  that,  in  turn,  mediate  many  of 
the  pathophysiologic  alterations  associated  with 
endotoxicity.  in  this  study,  we  have  observed  two 
endotoxin-associated  monokines,  recombinanl  in- 
terleuk <11-13*1  rIL  Inland  recombinant  tumor  necro¬ 
sis  factor® (rTNFSft/ to  induce  colony  stimulating 
factor  (CSF)  in  vivo  The  CSFactivities  produced  in 
response  to  rIL  l&for  rTNFSjgave  rise  to  a  mixture 
of  granulocyte-macrophage  colonies  and  were  in¬ 
duced  in  a  dose-  and  time-dependent  fashion,  peak¬ 
ing  within  3  hr  of  cytokine  injection  (preceding  peak 
CSF  induction  by  endotoxin  by  several  hours).  Com- 
totaled  injection,  of  suboptimal  concentrations  of  rIL 
¥3}  and  rTNFa  were  additive,  and  simultaneous  in¬ 
jection  of  optimal  concentrations  of  each  failed  to 
increase  CSF  levels  over  that  observed  with  either  , 
cytokine  alone.  Unlike  endotoxin,  neither  cytokine 
induced  interferon  in  vivo.  These  findings  extend 
our  understanding  of  the  cytokine  cascade  that  is 
operative  in  an  inflammatory  response  and  may. 
account  for  many  of  the  observed  hematopoietic 
alterations  that  accompany  inflammation. 

C  r  j  v r 

Many  of  the  pathophysiologic  responses  to  endotoxin, 
the  lipbpolysaccharlde  (LPS)  derived  from  Gram-negative 
bacteria,  are  mediated  by  the  Induction  of  specific  mac¬ 
rophage-derived  soluble  factors  (1-3).  For  example.  LPS 
induces  the  production  of  interleukin  1  (IL  1).  which  In 
turn  mediates  fever,  neutrophilia,  hypoferremla.  and  the 
production  of  acute-phase  reactants,  such  as  fibrinogen. 

C  reactive  protein,  and  serum  amyloid  A  (4.  5).  More 
recently.  IL  1  has  been  reported  to  mimic  the  radioprotec¬ 
tive  effects  of  LPS  (6).  Tumor  necrosis  factor  (TNF)  has 
also  been  implicated  as  a  mediator  of  endotoxicity  by  the 
demonstration  that  passive  administration  of  polyclonal 
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antl-TNF  antibodies  protected  mice  against  lethal  chal¬ 
lenge  with  LPS  (7).  Both  of  these  factors,  as  well  as  others 
associated  with  LPS-responsIveness.  e.g..  glucocorticoid 
antagonizing  factor  (8)  and  interferon  (IFN)  (9).  are  pres¬ 
ent  in  maximal  titers  In  the  serum  within  several  hours 
of  LPS  administration  (10-1 2). 

Recent  evaluation  of  the  effects  of  cloned,  recombinant 
IL  la  (rIL  la)1  and  recombinant  TNFa  (rTNFa)  prepara¬ 
tions  has  revealed  that  the  induction  sequence  for  these 
two  factors,  as  well  as  the  specific  contribution  each 
makes  physiologically,  may  be  more  Interdependent  than 
originally  Imagined.  Dlnarello  et  al.  (13)  and  Bachwich  et 
al.  ( 1 4)  have  shown  that  rTNFa  Induces  IL  1  In  macro¬ 
phage  cultures.  Dlnarelfo  et  al.  (13)  further  showed  that 
rTNFa  Itself  was  pyrogenic,  and  at  high  concentrations 
resulted  In  two  cycles  of  fever:  the  first  one  TNF-medl- 
ated:  the  second.  IL  1 -mediated. 

Colony  stimulating  factor  (CSF)  is  also  Induced  by  LPS: 
however,  serum  levels  of  CSF  are  not  maximal  until 
approximately  6  hr  after  LPS  administration  ( I S).  Before 
the  availability  of  riL  1.  Kampschmidt.  Upchurch,  and 
Pullam  ( 1 6. 1 7)  provided  the  first  evidence  that  CSF  could 
be  produced  Indirectly,  in  response  to  partially  purified 
preparations  of  ‘leukocyte  endogenous  mediator.'  which 
were  extracted  from  glycogen-induced  peritoneal  exu¬ 
dates.  The  findings  presented  here  confirm  and  extend 
those  of  Kampachmtdt  and  hit  co-workers.  Both  murine 
and  human  riL  la  preparations,  as  well  as  rTNFa.  In¬ 
duced  In  vivo  serum  CSF  activity  In  a  dose-  and  time- 
dependent  fashion,  which  preceded  peak  Induction  of 
CSF  by  LPS  However,  unlike  LPS.  neither  cytokine  in¬ 
duced  IFN  In  vivo. 

MATERIALS  AND  METHODS 

Mice.  Tor  moat  of  the  experiment*  presented.  C57BL/6J  (The 
Jackson  Laboratory.  Bar  Harbor.  ME)  mice  were  utilized  In  addition. 
C3H/HeJ  and  C3H/OuJ  mice  iThe  Jackson  Laboratory!.  C3H/HeN 
mice  [Animal  Genetic*  and  Production  Branch.  NCI.  Frederick.  MD|. 
and  out  bred  HSDOCRlBR  mice  [Harlan  Sprague  Dawlev  Indianapo¬ 
lis.  INI  were  also  used.  Female  mice,  fl  to  1 2  wk  of  age.  were  used  for 
all  experiments.  Mice  were  housed  In  cages  with  Micro-Isolation  unit 
lops  and  were  allowed  access  (o  food  and  add  water  ad  libitum 

Reagents.  Murine  riL  lo  1181  was  obtained  from  Hoffmann-la- 
Roche.  Inc  [Nulley.  NJ;  Ro  23-7390  Lot  No  14430-1  10-481  The 
murine  riL  I  was  provided  In  5  M  guanidine  hydrochloride  (Gu-HCI) 
as  a  stabilizing  agent.  A  control  bacterial  extract  In  Gu-HCI  |No 
13146-129-49)  was  also  supplied  by  Hoffmann-LaRoche.  Inc  Hu¬ 
man  riL  la  (19).  provided  in  sucrose  (a*  a  stabilizing  agent),  was 
obtained  from  Immunex  iLrattle.  WAI  At  tht*  tlm*.  there  la  no 
’international  tundard’  for  IL  la  preparations,  and  assignment  of 

1  Abbreviations  used  in  this  paper  riL  la  recombinant  Interleukin  1  ■ 

..  rTNFa  recombinant  tumor  necroals  factor  a  CSF.  colony  stimulating 
lacior  Gu-HCI.  guamdimum  hvdrochlonde 
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"unira*  can  vary  from  laboratory  to  laboratory.  Therefore,  becauie 
the  murine  and  human  reagents  were  obtained  from  different 
sources,  it  was  essential  to  ensure  comparability  of  units.  To  do  this, 
both  munne  and  human  rfl.  la  preparations  were  assayed  simulta¬ 
neously  in  a  thymocyte  proliferation  assay  (30).  Briefly,  aerial  two¬ 
fold  dilutions  of  the  rtL  •  preparations  were  made  tn  Neaaaay  me¬ 
dium  (RPM  1640  supplemented  with  2  mM  glutamine.  2f  M  2- 
mcrcaptoethanoi  100  U/ml  penicillin  and  100  *g/ml  streptomycin, 
and  10%  fetal  calf  serum  |FCSj).  To  each  set  of  triplicate  wells  of  a 
96- well  plate  (Falcon.  Oxnard.  CA)  were  added  90  sl/well  of  each 
dilution  of  rlL  la  and  90  »i/weil  of  phytohenagghiunln  (Enao  Bio- 
chemicala.  NY:  prepared  in  btoaseay  medium  at  a  concentration  of 
1  »g/ml|.  Single  cell  thymocyte  euapeneiocie  were  prepared  from  4- 
to  6-wk-oU  C3H/HeJ  mice  in  Moaeaey  media  ac  1.5  x  10*  ceils/ mi 
and  100  sl/well  were  added  immediately  upon  preparatloo  of  the  cell 
suspension.  Cultures  were  incubated  at  37*C.  9%  CO»  for  72  hr. 
pulsed  with  |*H)thymldlne  during  the  last  4  to  9  hr  of  Incubation, 
and  were  harvested  onto  filters  with  e  cell  hamster  (Brandei.  Gaith¬ 
ersburg.  MD|.  To  determine  relative  units  of  activity .  tbs  actttlUdUon 
data  was  plotted  as  log  (counts  per  minute)  vs  Iqfc  dilution''. rand 
linear  regression  analysts  was  carried  out  over  the  linear  portion  of 
the  dilution  curve.  The  dilution  at  artiich  half -maximal  uptake  was 
observed  was  extrapolated  from  the  equation  for  the  bam  line  of  fK 
and  was  asoifned  a  value  of  one  unit  of  activity.  Baaed  an  the  results 
of  three  separate  thymocyte  proliferation  assays,  we  determined  the 
munne  and  human  rfl.  la  preparations  to  pesasso  specific  activities 
of  1.0  x  10*  U/mg  and  7.9  x  104  u/mg.  respectively. 

Human  rTNFa  was  obtained  from  Biogen  (Boston.  MA.  Batch  30. 
LY  18390/182.  1.9  x  10'  U/mg).  Protein  free,  phenol- water -ex¬ 
tracted  endotoxin  derived  from  £.  cod  K23S  (LP8)  was  prepend  by 
the  method  of  Mr Intlre  et  ml.  (21). 

All  reagents  were  diluted  to  the  desired  concentration  tn  pyrogen- 
free  saline  just  before  l.p.  injection  of  0.9  ml  per  mouse. 

Moasunrmenr  of  CSF  activity  in  forum.  At  the  indicated  times 
after  injection,  mice  were  bled  from  the  orbital  plexus,  and  serum 
was  collected  after  clot  formation  by  centrifugation.  CSF  activity 
was  measured  in  pooled  serum  samples  collected  from  four  to  five 
mice  per  treatment  group  per  experiment.  The  bone  marrow  colony 
assay  lor  CSF  activity  has  been  described  tn  derail  (22).  Briefly.  C3H/ 
HeJ  bone  marrow  cells  were  enriched  for  mononuclear  cells  by 
density  gradient  centrifugation  on  lymphocyte  separation  medium 
(Litton  Btonetics.  Charleston.  SC).  The  cells  collected  from  the  inter¬ 
face  of  (he  gradient  weie  washed  and  resuspended  in  RPM1  1640 
supplemented  with  antibiotics,  glutamine,  sodium  bicarbonate. 
HEPES  buffer,  and  19S  ECS  Three  serial  twofold  dilutions  of  each 
serum  sample  1 30^.  13V  and  7.9%  |v/v||  were  prepared  in  this 
medium,  and  0  2  ml  of  each  dilution  was  added  to  each  of  duplicate 
wells  in  a  six-well  (issue  culture  plate.  A  final  cell  suspension  was 
prepared  at  1  x  1 0*  cella/ml  in  complete  medium  supplemented  with 
0.3rc  Bacto-Agar  (Dlfco.  Detroit.  Ml)  and  maintained  at  41*C.  One 
milliliter  per  well  was  added  immediately  after  resuspension  of  the 
cells  in  the  agar-medlum  mixture.  Once  solidified,  the  cultures  were 
incubated  at  37*C  (9%  COil  for  6  to  7  days,  at  which  time  colonies 
1*30  cellt/colonyi  were  counted  under  a  dissecting  microscope  Se¬ 
rum  CSF  activity  was  expressed  et  colony  forming  unite  (CFU)  per 
mitliluer  of  serum,  baaed  on  colony  counts  within  the  linear  pain  of 
tjie  serial  dilution  curve. 

In  some  experiments,  individual  colonies  were  extracted  from  the 
semisolid  agar  cultures  by  using  either  a  paateur  pipette  or  a  Pipette- 
man  (Ramin.  Woburn.  MA).  were  resuspended  in  0.2  ml  FC3.  and 
were  subjected  to  cytocentiifugation  (Cytosptn  2:  Shandon  Southern 
Products.  A st moor  England|.  Slides  were  fixed  in  methanol  and 
were  stained  with  a  modified  Wright's  sum  (Dtff-Qulck.  American 
Scientific  Products.  McGaw  Park.  ILl 

Measurement  of  IFN  activity  in  serum.  The  level  of  IFN  In  serum 
samples  was  measured  m  an  antiviral  asaay.  which  teau  the  ability 
o(  the  serum  to  protect  murine  L929  fibroblasts  from  infection  with 
vesicular  stomatitis  virus  (Indiana  strain).  Units  of  activity  were 
based  on  the  protection  afforded  bv  serum  samples  relative  (o  the 
NlH  International  Standard  (Cat.  No.  G-002-904-91 1 1  This  aaaay 
has  been  described  in  detail  |23|. 


RESULTS 

Induction  of  CSF  tn  vivo  by  murine  and  human  rlL 
In.  Intraperttoneal  Injection  of  mice  with  murine  rlL  le 
resulted  in  a  time-  and  doae-dependent  Induction  of  se¬ 
rum  CSF  activity.  Figure  1  Illustrates  that  In  response  to 
injection  of  an  optimal  dose  of  murine  rlL  In  (determined 
from  Fig  2)  induction  of  CSF  activity  peaked  by  3  hr  and 
was  reduced  significantly  by  6  hr  and  24  hr  postinjection. 


HOURS  POST-mjgenON 

Figure  1.  Time'  course  for  the  Induction  at  CSF  in  vivo  bv  munne  rlL 
1 .  CS7BL/8J  mice  were  Injected  l.p.  with  1300  U  of  munne  rlL  la.  At  the 
indicated  times  poatinjecuoa.  groups  of  five  mice  were  bled:  their  serum 
was  pooled  and  assayed  for  CSF  activity  is  desenbed  in  Marrna/s  and 
Methods.  Pooled  sera  from  mice  injected  with  saline  contained  0  CFU' 
ml.  Serum  from  mice  Injected  with  LPS  |23  Kg),  collected  at  6  hr  poatin- 
jecuon.  contained  3260  ±  220  CFU/ml.  The  results  represent  (he  means 
*  5EM  and  were  derived  from  a  single  represents Uve  experiment 

Neither  saline  nor  a  control  bacterial  extract  (provided  In 
the  same  Gu-HCl  carrier  as  the  rlL  la  and  Injected  at 
concentrations  equivalent  to  at  much  aa  4000  U  of  the 
biologically  active  rlL  la  preparation)  Induced  any  CSF 
activity  over  a  24-hr  period.  Maximum  rlL  la-induced 
CSF  activity  preceded  optimal  Induction  of  CSF  by  E.  co/I 
K235  LPS.  shown  previously  to  peak  at  approximately  6 
hr  postinjection  (15).  although  the  magnitude  of  the  rlL 
Ia-Induced  response  was  usually  slightly  less  than  that 
seen  tn  LFS-InJected  animals.  Figure  2  shows  a  dose- 
response  curve  for  the  induction  of  CSF  by  murine  rlL 
la.  3  hr  post  inject  ion.  Maximum  CSF  induction  by  mu¬ 
rine  rlL  la  was  typically  observed  between  7  x  ioJ  and  2 
x  1 03  U  of  activity.  The  murine  rlL  1  o  had  no  CSF  activity 
Itself,  as  evidenced  by  a  failure  to  induce  bone  marrow- 
derived  colonies  in  soft  agar  (data  not  shown). 

The  induction  of  CSF  tn  mice  by  human  rlL  la  was 
very  similar  to  that  observed  with  murine  rlL  la  with 
respect  to  both  time  and  dose  dependencies  (Table  I  and 
Fig.  3).  Figure  3  presents  a  composite  of  individual  data 
points  derived  from  1 1  separate  experiments,  which 
shows  that  the  responses  Induced  by  murine  and  human 
rlL  la  preparations  peaked  at  approximately  3  hr  post- 
injection  and  were  not  significantly  different  from  each 
other,  or  from  that  Induced  by  LPS.  It  should  also  be 
noted  that  murine  and  human  rlL  la  induced  CSF  com¬ 
parably  In  a  variety  of  outbred  and  Inbred  mouse  strains 
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DOSE  OF  MURINE  rlL-Mt  INJECTED  (UNITS) 

Figurr.2.  Doacrrapon**  curv*  for  thr  induct  ton  of  CSF  In  vtvo  bjj 
munnc  rIL  la.  Group*  of  C37BL/BJ  mle«  |fl*»  mte*  par  froupi  werW 
injrctrd  with  ihr  iruhcaitd  concentration  of  murtnc  rIL  1#  and  srort  bird 
3  hr  pottlnjectlon.  The  arnant  waa  pooled  within  a  treatment  (map  and 
III  aaaaved  for  CSF  activity  a*  deacribed  in  Matmalt  and  Method* 
Serum  from  mire  infected  with  aallne  contained  0  CFU/ml.  The  results 
rr prevent  the  mean*  *  SCM  and  were  derived  fron  a  *tn*le  repreaenunve 
experiment 


TABLE  I 

Ooae  dependent  induction  of  CSF  In  mire  injected  utth  human 
rerompinam  IL  la 


Tirnmenf* 

car  Activity  icru/mii 

Salma 

3  *  3 

75  x  10*  U  110  n(J 

70*  10 

3.75  x  1 0*  U  ISO  ngj 

500*  ISO 

7  5  x  lO'UCCi.til) 

221 1  I  341 

3  75  x  lO’UlSOOngJ 

2373  *  375 

75  x  1 0*  U  ( 1 000  n(J 

24PO*  SS 

I  S  x  10*  U  12000  ng) 

2750  *  200 

•Group*  of  C97BL/6  mice  Ifour  lo  five  mice  per  (roupi  were  tn)ecied 
i  p  with  aaline  or  ihe  Indicated  dote  of  human  rIL  In  and  were  Med  3  hf 
•her  injection  The  reaull*  rrpreaem  the  mean*  I  SEM  of  dal*  pooled 
trom  three  Mparate  experiment* 

including  endotoxln-hvporesponslveC3H/HeJ  strain  (Ta* 
blc  II).  This  latter  finding  supports  the  hypothesis  that 
rIL  in.  and  not  an  endotoxin  contaminant  of  the  recom¬ 
binant  preparations,  is  responsible  for  induction  of  CSF 
Analysis  of  rvtospln  preparations  of  Individual  colonlei 
revealed  that  the  CSF  activity  which  was  Induced  rej 
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tigur*  3.  Composite  tune  course  for  tlw  Induction  of  CSF  in  vivo  by 
munne  and  human  rtL  la.  Murtnc  (•)  or  human  |0|  rIL  la  (790  to  4000 
U)  vu  injected  into  (roups  of  five  mice  (CS7BL/6J.  C3H/HeJ.  CSH/OuJ. 
C3H/HeN,  or  HSD|ICR|Blt  atrotnat  The  mice  were  bled  at  the  Indicated 
times  post  Inject  Ion.  and  tht  patad  sera  were  assayed  for  CSF  actlvMv. 
The  results  represent  a  compilation  of  data  from  1 1  separate  experiment* 
Neither  aallne  nor  control  bactenai  extract  induced  >10  U/ml  CSF  activity 
in  any  (train  or  at  any  tuna  palm.  Triangle*  represent  the  CSF  response 
of  different  (roups  of  mice  lo  LFS  (25  *g)  at  6  hr  poatinjection  The  small 
bar  wtthln  each  time  point  tndKatea  the  geometric  mean  of  the  individual 
data  point*  for  that  urns  point. 


TABLE  D 


Inducttanqf  Ciraettadg  In  CSH/HaJ  mica  dy  human  rtL  la 


UMittalft 

TraaiamW 

car  ActtvWy 
|CfU/iul| 

C57BL/S 

Nanaal  serum 

0 

Human  rtL  la:  3  hr 

1740*  143 

C3H/H4J 

Normal  aarum 

Human  rtL  1* 

10*  10 

3  hr 

1(17*  irg 

(hr 

049*  S7 

Mhr 

110*  10 

•Group*  of  C97BL/6  or  C3H/HeJ  mice  (five  mice  per  (roupi  were 
Injected  with  nothing  (normal  serum i  or  730  U 1 1 00  it*  human  rIL  I  •  i  p 
and  were  bled  at  the  indicated  time*  after  injection  The  result*  represent 
the  meant  a  SCM  derived  from  e  tingle  repreaenunve  experiment 


In  addition  to  measurtng  CSF  activity,  every  serum  pool 
was  also  screened  for  the  presence  of  IFN  activity  in  a 
standard  antiviral  assay.  Neither  murine  nor  human  rIL 
lo  induced  detectable  IFN  in  vivo  («  -  <2.2  ±  0.4  U/ml. 
n  »  30),  In  contrast  to  the  IFN  levels  induced  by  LPS 
between  2  and  6  hr  postinjection  (*  ■  129  ±  34  U/ml.  n 
-  7). 

Induction  of  CSF  (n  duo  by  human  rTNFa.  Recent 
studies  by  Beutler  Ceraml.  and  Mtlsark  (3.  7)  have  impll- 
caiedTNF  as  another  Important  mediator  of  LPS-lnduced 
toxicity  We  therefore  examined  the  ability  of  human 
rTNF-n  to  Induce  CSF  in  vivo.  Like  rIL  lo.  rTNFa  I) 


sulied  In  the  development  of  both  macrophages  and  gran 
uloevtes  from  bone  marrow  progenitor  cells  (Fig  4ai 


induced  CSF  (mixed  granulocyte-macrophage  colonies: 
Fig  4b)  in  a  time-  and  dose-dependent  fashion  (Fig.  5).  ii) 
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hours  ROST-tmtcnoai 

Ftgurt  5  Time  court*  and  doae-responae  cum*  for  rTNFa-indueed 
csr  Figure  illustrates  the  time  count  (or  the  induction  of  CSF  by  7  5  * 
10*  U  15  >41  rTNFo  in  CS7BL/6  mice  and  represent*  the  mean  *  SEM  of 
two  separate  ex  pen  menu  Intel  shows  the  dose- response  curve  for  csr 
induction  bv  rTNFo  Based  on  the  specific  activity  of  this  material.  1  U  * 
0  067  ng  Results  represent  the  means  1  SEM  and  were  denved  f  rom  four 
separate  experiments  in  which  C57BL/8  and  C3H/H*N  mice  if  our  to  five 
mice  per  treatment  (roup  per  ex  pen  menu  were  infected  In  all  of  these 
experiment*  pooled  normal  scrum  or  serum  (rom  saline-infected  animals 
contained  0  Cf  tvml 

was  active  in  the  endotoxin -hyporesponsive  C3H/HeJ 
mouse  strain  (sallne-lnjected  -  0  CFU/ml:  rTNFo  (5  ug)- 
injected  ■  3.530  CFU/ml.  3  hr  post  injection),  and  III) 


failed  to  Induce  IFN  activity  (<1.5  *0.5  U/ml.  n  •  7).  Two 
difference!  between  rTNFo-  and  rIL  1  a-lnduced  CSF  were 
observed.  First,  the  concentrations  of  rTNFo  required  to 
Induce  CSF  were  considerably  higher  than  the  concentra¬ 
tions  of  either  murine  or  human  rIL  la  preparations. 
Second,  by  6  hr  after  administration  of  rTNFo  (Fig.  5). 
the  CSF  response  had  declined  to  a  much  lower  level  than 
obaerved  at  6  hr  poat-rtL  la  (Fig.  1 ). 

Table  in  demonstrates  that  combined  Injection  of 
rTNF  j  and  human  rIL  la  in  suboptlmal  concentrations 
resulted  in  additive  CSF  Induction,  whereas  simultane¬ 
ous  injection  of  optimal  doses  of  each  cytokine  failed  to 
Induce  pester  levels  of  CSF  than  elicited  by  either  cyto¬ 
kine  alone.  Combined  treatment  did  not  induce  IFN  activ¬ 
ity  (<0.4  U/ml). . 


TABLE  ID 

Induction  qf  CSF  octiuttp  by  combined  treatment  uhih  human  rfL  it 
and  rTNFo 


Satin* 
rtt.  la: 

7  5  x  10' U(IOng) 

3  75  x  10*  U  (SO  ng) 

7  5  x  I0*U  1100  ngf 
fTNF-o: 

I  Sx  10*  U  (100  ngf 
7  S  x  10*  U  (500  ng) 

7  5  x  10*  U  IS  ag| 

Combined  treatment 
rIL  la  110  ngf  *  rTNFa  1 1 00  ng) 
rIL  la  (10  ng)  *  rTNFo  1500  ng) 
rIL  la  (90  ng)  *  rTNFo  1)00  ng) 
rlt  la  150  ng)  ♦  rTNFo  (500  ng) 
rIL  la  (100  ng)  »  rTNFo  |9  ag) 


CSF  Activity 

icrv/xui 


1 190  *  335 
1600*  199 
3620  *663 

90*  42 
516*  99 
3435  *  383 

993*  10211260*327)* 
2400*235(1706*3391* 
2305*  375)1690*  199,* 
2960*414  12116x2181* 
2900  *  689 1 7055  4  7831* 


•  Croup*  of  C57BL/6  mice  (four  mice  per  (roupl  were  infected  l  p.  with 
Milne  or  the  indicated  doae  of  human  rIL  !  o  and/or  rTNFo  and  were  bled 
3  hr  after  infection  CSF  activity  in  the  serum  »aa  meaaured  aa  deaenbed 
in  Materials  and  Methods  Results  represent  the  means  x  SO  of  two 
separate  experiment* 

•  The  number  m  parentheses  is  the  expected  CSF  scttvtty  based  on  the 
sums  of  the  indl.iduai  treatment  means  and  thetr  calculated  combined 
standard  deviation* 


rfL  U  AND  rTNPa  INDUCE  CSF  In  vivo 
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OMCUSSiOW 

Endotoxin  Is  a  potent  Inflammatory  agent  that  Induces 
in  susceptible  hosts  a  spectrum  of  responses  which  range 
from  being  highly  beneficial  to  being  extremely  toxic — 
l.e..  Increased  nonspecific  resistance  to  infection;  protec* 
lion  against  lethal  irradiation:  the  Induction  of  early  and 
late  phase  endotoxin  tolerance  and  adjuvantlctty  (24- 
27):  and  induction  of  fever  (28).  hypoglycemia  (29).  abor- 
tlfaclent  effects  (30).  shock  and  death  (1).  It  Is  now  ap* 
predated  that  many  of  these  physiologic  changes  are 
attributable  to  the  action  of  specific.  L PS-induced,  mac* 
rophage-derlved  factors  on  target  cells  In  the  host.  For 
instance.  IL 1  has  been  shown  to  set  on  the  hypothalamic 
region  of  the  brain  to  Induce  fever  (31)  and  to  induce 
synthesis  of  acute-phase  reactants  by  hepatocytes  (4). 
Glucocorticoid  antagonizing  factor  Induces  hypoglycemia 
by  blocking  glucocorticoid  induction  of  hepatic  enzymes, 
such  as  phosphoenol pyruvate  carboxyklnase.  which  In 
turn  blocks  ghiconeogenesis  (8).  More  recently,  a  role  for 
TNF  in  endotoxlclty  was  supported  by  the  demonstration 
that  passively  administered.  antl-TNF  antibodies  pre¬ 
vented  L PS-Induced  lethality  (7).  Previous  studies  indi¬ 
cated  that  m  vivo.  LPS  induced  the  maximal  appearance 
of  both  IL  1  and  TNF  in  serum  within  approximately  2 
hr  (10-12).  An  unexpected  relationship  between  IL  1  and 
TNF  was  reported  recently  by  Dtnarello  et  al.  (13)  and 
,  Bachwtch  et  al.  (14).  Both  groups  showed  that  rTNF 
induced  IL  1  In  vitro.  In  vivo,  high  doses  of  rTNF  were 
found  to  induce  two  temporally  distinct  febrile  responses 
(13).  Differences  in  heat  stability  between  TNF  and  IL  1 
and  the  use  of  highly  specific  anti-human  IL  1  antibodies 
prompted  Dtnarello  et  al.  (13)  to  conclude  that  1)  TNF 
itself  was  a  pyrogen,  and  2)  TNF-lnduced  IL  1  was  re¬ 
sponsible  for  the  second  febrile  response. 

Clearly,  less  is  understood  about  the  cellular  mecha¬ 
nisms  that  underlie  some  of  the  other  manifestations 
that  follow  LPS  administration,  and  especially  those  that 
result  in  hematopoietic  changes.  For  instance.  LPS  In¬ 
duces  an  influx  of  neutrophils  into  the  blood  and  perito¬ 
neal  cavity  (16. 32).  as  well  as  an  Increase  In  macrophage 
progenitor  cells  in  the  bone  marrow.  3  days  after  injection 
(23).  Because  previous  work  by  Kampachmldt,  Upchurch, 
and  Pullam  (16.  17)  showed  that  partially  purified  prep¬ 
arations  of  'leukocyte  endogenous  mediator*  (which  con¬ 
tained  IL  1  and  probably  TNF)  Induced  CSF  activity  in 
vivo  within  6  hr.  we  sought  to  confirm  and  extend  these 
findings  by  using  recombinant  preparations  of  IL  la  and 
TNFn.  The  results  presented  herein  demonstrate  that  l. p. 
injection  of  murine  and  human  rIL  la  preparations  in¬ 
duced  in  mice  CS*  activity  that  peaked  by  3  hr  post- 
administratlon.  On  the  basis  of  activity  in  the  thymocyte 
proliferation  assay,  the  murtne  and  human  rIL  la  prep¬ 
arations  Induced  CSF  over  the  same  concentration  range 
and  were  both  as  active  in  endotoxln-hyporesponslve 
C3H/HeJ  mice  as  in  normally  endotoxin-responsive 
strains.  Recombinant  TNFa  also  induced  CSF  activity 
when  administered  l.p..  but  on  a  concentration  basis, 
was  considerably  less  efficacious  than  rIL  la.  and  the 
response  was  less  sustained  over  time  than  that  Induced 
by  r!L  la.  However,  these  dose  differences  may  be  related 
to  the  route  of  administration  chosen  for  use  in  these 
studies  For  both  human  rIL  la  and  rTNFa.  low  levels  of 
serum  CSF  activity  were  detectable  as  early  as  1  hr 


pcwtlnjection  (data  not  shown).  Because  rTNF<»  Induced 
levels  of  CSF  that  were  comparable  to  those  induced  by 
rfL  la,  the  possibilities  exist  that  1)  TNF  can  act  inde¬ 
pendently  of  IL  I  as  an  Inducer  of  CSF  and/or  2)  rTNF 
Induces  the  CSF  activity  via  an  IL-1  Intermediate.  Even 
though  the  time  courses  for  the  Induction  of  CSF  by 
rTNFa  and  rfL  la  were  similar,  (l.e..  we  did  not  see  any 
Indication  of  a  second,  later  peak  of  CSF  In  response  to 
rTNF).  and  the  simultaneous  Injection  of  optimal  doses 
of  two  cytokines  were  not  additive  for  Induction  of  CSF. 
we  cannot  at  thjp  time  dismiss  the  possibility  that  at  very 
high  concentrations  of  rTNFa  (>10  Mg)  a  second.  IL  1- 
induced  CSF  peak  might  manifest  itself. 

The  exact  molecular  species  of  CSF  induced  by  rIL  la 
or  rTNF  In  vivo  is  not  known  at  this  time.  Clearly,  both 
Induced  an  activity  In  the  serum  that  resulted  in  primar¬ 
ily  mixed  granulocyte-macrophage  colonies  (Fig.  4).  How¬ 
ever.  this  could  be  due  to  a  mixture  of  CSF  species  (e  g., 
a  granulocyte-specific  CSF  (G-CSF)  plus  macrophage-spe¬ 
cific  CSF-1.  and/or  to  the  activity  of  a  single  GM-CSF 
species).  Results  of  early  work  using  various  affinity 
purification  techniques  to  characterize  the  CSF  activity 
in  serum  derived  from  LPS-lnjected  mice  suggested  that 
a  mixture  of  CSF  species  were  produced  In  response  to 
LPS  (33). 

The  finding  that  neither  rIL  la  nor  rTNF  Induced  de¬ 
tectable  levels  of  IFN  in  the  serum  was  surprising  In  light 
of  several  recent  reports  that  have  Indicated  that  both 
cytokines  induce  IFN  In  vitro  in  fibroblast  cultures  (34. 
35).  LPS  has  been  reported  to  Induce  IFN  activity  in 
serum,  which,  like  IL  1  and  TNF.  peaks  at  2  hr  (9).  Studies 
indicate  that  LPS- Induced  IFN  is  produced  principally  bv 
macrophages  (36).  and  would  therefore  presumably  be  a 
form  of  IFN-a.  although  this  has  not  been  confirmed  with 
the  use  of  antibodies  specific  for  IFN-a  (37).  Thus,  differ¬ 
ences  between  In  vivo  and  in  vitro  cytoktne-lnduced  IFN 
production  may  be  related  to  differences  in  “target  cells.’ 

The  induction  of  CSF  activity  by  LPS  ( 1 5.  38)  may  well 
be  the  direct  effect  of  LPS  on  certain  cell  types  (e.g.. 
macrophages  or  endothelial  cells).  In  a  very  recent  report. 
Munker  et  al.  (39)  demonstrated  that  TNF  can  act  directly 
In  vitro  to  induce  production  of  GM-CSF  in  normal  lung 
fibroblasts  and  vascular  endothelial  cells,  as  well  as  in 
certain  malignant  cell  types.  However,  the  data  presented 
herein  suggest  several  alternative  pathways  by  which 
CSF  production  might  be  stimulated  indirectly  following 
LPS  administration  (l.e..  LPS  — ■  IL.  1  — •  CSF:  LPS  —  TNF 
—  CSF;  LPS  —  TNF  — •  IL  1  — •  CSF).  Future  experiments 
in  which  IL  1 -specific  antagonists  (such  as  monoclonal 
or  polyclonal  anti- murine  IL  1  antlbodlesl  are  adminis¬ 
tered  in  vivo  in  combination  with  LPS  or  rTNFa  should 
enable  a  delineation  of  these  pathways  and  thetr  actual 
dependancy  on  IL  I  as  an  intermediate  in  this  inflam¬ 
matory  cascade. 
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